Historically rare plant species with disjunct population distributions and small population sizes might be expected to show significant genetic structure and low levels of genetic diversity because of the effects of inbreeding and genetic drift. Across the globe, terrestrial inselbergs are habitat for rich, often rare and endemic flora and are valuable systems for investigating evolutionary processes that shape patterns of genetic structure and levels of genetic diversity at the landscape scale. We assessed genetic structure and levels of genetic diversity across the range of the historically rare inselberg endemic Acacia woodmaniorum. Phylogeographic and genetic structure indicates that connectivity is not sufficient to produce a panmictic population across the limited geographic range of the species. However, historical levels of gene flow are sufficient to maintain a high degree of adaptive connectivity across the landscape. Genetic diversity indicates gene flow is sufficient to largely counteract any negative genetic effects of inbreeding and random genetic drift in even the most disjunct or smallest populations. Phylogeographic and genetic structure, a signal of isolation by distance and a lack of evidence of recent genetic bottlenecks suggest long-term stability of contemporary population distributions and population sizes. There is some evidence that genetic connectivity among disjunct outcrops may be facilitated by the occasional long distance dispersal of Acacia polyads carried by insect pollinators moved by prevailing winds. Keywords: gene flow; inselberg; isolation; landscape; phylogeographic structure INTRODUCTION For plant species, demographic and genetic connectivity is affected by seed and pollen dispersal vectors, by a number of life history traits including life form, longevity and the mating system, and by the size and spatial arrangement of populations. Rare plant species and those with specific habitat requirements often have geographically disjunct and small population sizes. For these species, the surrounding landscape typically comprises a matrix of unsuitable habitat that acts as an effective physical barrier to dispersal and the size and spatial arrangement of populations assumes an important role in the structuring and maintenance of genetic diversity. Limitations to connectivity result in a degree of demographic isolation and genetic isolation among populations (Slatkin, 1987) , and produce the phylogeographic and genetic structuring observed in many habitat specific, rare, endemics (Yates et al., 2007; Byrne and Hopper, 2008; Butcher et al., 2009) . Limited connectivity among disjunct populations can result in reduced levels of genetic diversity as a result of increased levels of inbreeding and via the negative impacts of genetic drift (Slatkin, 1987; Ellstrand, 1992) , both of which are further enhanced in small populations. Structuring and maintenance of genetic diversity has a key role in the ultimate persistence of species as they evolve and adapt to changing conditions. As a result of this, knowledge of the effects of genetic connectivity is central to understanding the evolution of natural systems and for informing the fields of population biology and conservation genetics (Lowe and Allendorf, 2010) .
INTRODUCTION
For plant species, demographic and genetic connectivity is affected by seed and pollen dispersal vectors, by a number of life history traits including life form, longevity and the mating system, and by the size and spatial arrangement of populations. Rare plant species and those with specific habitat requirements often have geographically disjunct and small population sizes. For these species, the surrounding landscape typically comprises a matrix of unsuitable habitat that acts as an effective physical barrier to dispersal and the size and spatial arrangement of populations assumes an important role in the structuring and maintenance of genetic diversity. Limitations to connectivity result in a degree of demographic isolation and genetic isolation among populations (Slatkin, 1987) , and produce the phylogeographic and genetic structuring observed in many habitat specific, rare, endemics (Yates et al., 2007; Byrne and Hopper, 2008; Butcher et al., 2009) . Limited connectivity among disjunct populations can result in reduced levels of genetic diversity as a result of increased levels of inbreeding and via the negative impacts of genetic drift (Slatkin, 1987; Ellstrand, 1992) , both of which are further enhanced in small populations. Structuring and maintenance of genetic diversity has a key role in the ultimate persistence of species as they evolve and adapt to changing conditions. As a result of this, knowledge of the effects of genetic connectivity is central to understanding the evolution of natural systems and for informing the fields of population biology and conservation genetics (Lowe and Allendorf, 2010) .
Very small amounts of gene flow, less than one migrant per generation, are required to spread advantageous alleles among populations over long periods of evolutionary time, producing the 'adaptive connectivity' (Lowe and Allendorf, 2010) that maintains cohesiveness at the species level (Rieseberg and Burke, 2001) . It is also expected, under an island model of migration, that very small amounts of migration will be sufficient to reduce the negative genetic effects of inbreeding (inbreeding connectivity) and avoid the negative effects of genetic drift (Wright, 1951; Lowe and Allendorf, 2010) . This degree of connectivity is required to ensure that genetic diversity and adaptive potential of disjunct or small populations are maintained. In this case, genetic structure or differentiation resulting from allele frequency divergence among populations, because of genetic drift, may still be observed. Higher levels of genetic connectivity, in the order of 410 migrants per generation, are likely to be required to provide 'drift connectivity' (Lowe and Allendorf, 2010) and produce identical allele frequencies in all populations, or a totally panmictic population structure.
The flora of the Mediterranean ecosystem of south west Western Australia (WA) is endowed with a large number of habitat specific, endemic species (Myers et al., 2000) , many of which have geographically restricted disjunct population distributions and small population sizes (Coates, 2000) . A number of studies have described high levels of genetic structuring among populations of these species (Coates, 2000; Yates et al., 2007; Byrne and Hopper, 2008; Millar and Byrne, 2013) . Historical rarity, geographic restriction, disjunct population distributions and genetic structuring in the WA flora is thought to be largely the result of a diverse mosaic of soils (Anand and Paine, 2002) , localised stochastic extinction events driven by climatic fluctuations, an overall increasing aridity of the environment during the Pleistocene, and the actions of fire across the landscape over long time frames (Hopper, 2009) .
The Yilgarn Craton forms the bulk of the WA landmass and has been largely stable in terms of mountain formation, inundation and glaciation for 250 million years (Anand and Paine, 2002) . Continual weathering over this time has exposed banded ironstone formations (BIFs) extending north and east into the semi-arid and arid areas (Gibson and Yates, 2010) . These small rock outcrops are now the dominant natural features of the otherwise flat landscape. Cracks and crevices in BIFs concentrate rainfall and runoff and provide a mesic winter wet microhabitat for a rich range of highly habitat-specific plant species, many of which are inselberg restricted endemics (Hopper et al., 1996) . As well as being of considerable antiquity, inselbergs are also some of the few ecosystems worldwide that remain largely unaffected by human disturbance (Porembski, 2007) . Terrestrial inselbergs also typically vary in size and degree of spatial disjunction and, compared with other specialised terrestrial habitats, this makes them ideal model systems for investigating the impacts of evolutionary processes such as gene flow that shape patterns of genetic structure and levels of genetic diversity at the landscape scale (Porembski and Barthlott, 2000) .
This study aimed to test a number of hypotheses regarding the impacts of historical rarity, habitat specificity and population isolation and size on genetic connectivity via migration for Acacia woodmaniorum (Maslin and Buscumb, 2007) , an endemic species of the ancient BIFs of south west WA. As a result of its limited distribution, we were able to comprehensively investigate patterns of genetic structure and levels of genetic diversity across the entire range of this species. Specifically, we aimed to address the hypotheses that (i) significant genetic structure, involving geographically disjunct populations on historically disjunct BIF outcrops, will be a feature of this species and (ii) levels of genetic diversity will be low in A. woodmaniorum, with lower diversity in more disjunct or smaller populations as a result of limited genetic connectivity. We also aimed to determine the effects of geographic distance, disjunction and size of the specialised inselberg habitat on levels and patterns of migration and genetic connectivity.
MATERIALS AND METHODS

Study species and landscape
A. woodmaniorum is a recently described sprawling prickly shrub (Maslin and Buscumb, 2007) . Plants are highly substrate specific for the skeletal soils, steep slopes, rock crevices and gullies of a series of low BIF outcrops. Little is known of the species biology or ecology. Seed and pollen dispersal mechanisms in A. woodmaniorum have not been studied, although the off-white aril suggests seed is likely to be dispersed largely by ants, as is common for Australian arid zone Acacia (Davidson and Morton, 1984; Gó mez and Espadaler, 1998) . Pollen dispersal is assumed to be largely by generalist insects including moths, wasps, beetles and bees (Stone et al., 2003) . The species has an extremely restricted distribution covering an area of o40 km 2 and extending a maximum linear distance of a little over 8 km. Approximately 25 000 plants are known.
The study area is located on the north east margin of the biologically diverse mesic South West Botanical Province and is a floristically rich transitional zone between the South West Botanical Province and the arid Eremaean Botanical Province (Beard, 1976; Hopper and Gioia, 2004) . This area has a semi-desert Mediterranean climate with annual rainfall of 300-400 mm that occurs mostly during winter (Beard, 1976; Markey and Dillon, 2008) . Summer rainfall events can be significant and are typically thunderstorms and heavy downpours from tropical cyclone remnants (Markey and Dillon, 2008) . Off the BIF ranges, the surrounding clay, silt and sand plains are dominated by a low Mulga (Acacia aneura) woodland with other Acacia, Allocasuarina, Melaleuca and Eucalyptus species, and Senna, Eremophila and Acacia shrubs on low hills (Beard, 1976) .
Populations of A. woodmaniorum can be separated into four main geological and geographical regions. Habitat is relatively continuous across the main range on Mungada/Windaning Ridge and this is where the majority of the plants occur (Figure 1) 
Sample collection and genotyping
Phyllodes were collected from 573 plants covering a total of 33 sample sites (populations) with sampling covering the species range and providing a broad range of geographical distances among sample sites ( Figure 1 , Supplementary Table S1 ). The position of all sampled plants was recorded using a differential Global Positioning Satellite. Mapping and determination of the linear geographic distance between the given population and the next nearest population (population isolation) for 24 disjunct, relatively small populations (that is, not including sampling sites located across the large population on Mungada/Windaning Ridge, MA1-6 and WA1-3) was conducted using Geographical Information Software (GIS, Arcmap 9.1, Esri Australia, Brisbane, QLD, Australia; Figure 1 , Supplementary Table S1).
Phyllode samples were lyophilised, DNA extracted and all plants genotyped using 15 nuclear microsatellite primer pairs (Aw012, Aw124, Aw129, AwB001, AwB003, AwB008, AwB009, AwB107, AwB108, AwB109, AwC001, AwD008, AwD010, AwD012 and AwD116) developed for A. woodmaniorum (Millar, 2009 ).
Data analysis
Utility of loci. Individual loci were tested for departure from Hardy-Weinberg equilibrium and locus pairs tested for linkage disequilibrium at each sample site using exact tests as implemented in the program GENEPOP version 4.0 (Raymond and Rousset, 1995) . Sequential Bonferroni corrections were applied to correct for multiple comparisons. Presence and frequency of null alleles were assessed using the maximum likelihood expectation maximisation algorithm implemented in GENEPOP.
Genetic diversity. Genetic diversity parameters were assessed for each sample site, each of four geological regions, each of the genetic clusters detected in the structural analysis and for the species overall using the GenAlEx version 6.3 program (Peakall and Smouse, 2006) . Levels of genetic diversity were hierarchically partitioned using the analysis of molecular variance method implemented in GenAlEx conducted on F ST values at the individual, population and regional level, with statistical testing conducted using 999 random permutations. To account for the effect of variable population sizes, rarefaction was used to estimate the mean number of alleles per locus (allelic richness A r ) and the mean number of private alleles per locus (P r ) using the program HP-RARE 1.0 (Kalinowski, 2005) . The relationships among both population isolation and size, and allelic richness and the number of private alleles, were investigated using linear regression.
We tested for founder effects or genetic bottlenecks using the BOTTLE-NECK version 1.2.0.2 program (Piry et al., 1999) . Equilibrium conditions were simulated for all sites at which 415 plants were sampled (the analysis is not suitable for smaller populations because of type 1 error rates) using 1000 replications assuming a two-phased model of mutation with 90% stepwise mutation, as recommended by the author (Piry et al., 1999) for microsatellite markers. Allele frequency distributions were assessed via the qualitative mode shift test and statistical significance was tested using Wilcoxon signed-rank tests.
Genetic structure. Genetic structure was investigated using the Bayesian assignment approach used in the TESS version 2.3 software (Chen et al., 2007) . An optimal number of clusters (K) were determined across the species range and the fraction of an individual's genome (q i ) originating in each of the K clusters was estimated for all individuals. The program incorporates spatial dependencies using a spatial interaction parameter (c) to weight the degree of spatial autocorrelation incorporated into spatial networks at the cluster membership level. We provided unique spatial coordinates for each plant sampled and, because of the irregular sampling design, incorporated weights (c ¼ 0.60) that depend on geographic distance among sampling sites using the compute geographic distance option. Voronoï tessellations were used to create polygonal neighbourhoods for sampled populations with adjacent populations connected via Delaunay triangulation. Given the species limited geographic range, we allowed far samples to be connected and did not remove any external or internal edges of the tessellation. We used the conditional auto-regressive Gaussian admixture model for analysis with a burn in of 10 000 runs and a further 50 000 Markov chain repetitions and 10 iterations of each run from K ¼ 2 to K ¼ 10. A value of K ¼ 10 was chosen as an unlikely arbitrary upper limit of the number of possible clusters in order to minimise unnecessary runs at high values of K. The mean deviance information criteria (DIC) for each K were plotted against K and the optimal K determined as that at which deviance information criteria levelled out considerably. We obtained values of the proportion of membership of each individual to given clusters at the optimal K (q i ), and a bar plot illustrating these values. We obtained a map illustrating the assignment of polygons across the spatial network to each of the five optimal clusters. The proportion of membership of individuals in each population to each of the five optimal clusters was also calculated.
Genetic differentiation. To eliminate bias because of very small population sizes, three populations with eight plants or less (MASC, MDSE, WN) and the single plant from WS were excluded from F ST -based analysis of population differentiation. The degree of genetic differentiation was assessed using global values of genetic differentiation obtained for: the species overall where the population was all individuals within a sample site, the four regions where the population was all individuals within a region, and for the two multi population regions, Jasper Hill and Mungada/Windaning Ridge, where the population was all individuals within a sample site within that region. Pairwise values were also obtained among populations. Values were based on allele identity using the intra-class kinship coefficient F ST . Significance was tested using P-values obtained for 10 000 permutations of individual genotypes using the SPAGeDi version 1.3 program (Hardy and Vekemans, 2002) .
Mantel tests were used to test for isolation by distance, which is a correlation between population differentiation and spatial distance, using matrices of F ST (F ST /(1-F ST )) and the log of the geographic distances. Analysis was conducted for the species overall, where the population was all individuals within a sample site, and for the two multi-population regions, where the population was all individuals within a sample site within that region. Significance of the correlation between population differentiation and spatial distance was tested using P-values for 10 000 permutations of sample sites and conducted using SPAGeDi.
To test for a phylogeographic signal, differentiation in microsatellite allele sizes (R ST ) was assessed at the species level where the population was all individuals at a sampled site, at a regional level where the population was all individuals within a region, and pairwise among populations. Analyses were conducted using SPAGeDi and are insightful under a model of stepwise mutation for microsatellite loci (Slatkin, 1995) . Allele identity data were first converted to a format representing the microsatellite repeat number. Significance of the slopes of R ST /(1-R ST ) over logarithmic geographic distances was tested using 10 000 permutations of allele sizes among alleles within loci following Pons and Petit (1996) and Hardy et al. (2003) . This test allowed for the assessment of whether mutations at microsatellite loci contributed to differentiation among the most spatially distant populations. (Slatkin, 1995) , and Nm was also estimated independently of F ST based on private alleles with correction for sample size, following Barton and Slatkin (1986) . Analysis was conducted with the GENEPOP program.
RESULTS
Utility of loci
After adjusting for multiple comparisons (n ¼ 495), significant departure from Hardy-Weinberg equilibrium (Po0.05) in the form of heterozygote deficiency was observed at locus B003 at JHB, JHBS and Blue Hill, locus B109 at MA2 and MA4, and at loci A124, A129, B001, B107, B109, D008, D010, D012 and D116 at Blue Hill. Heterozygote excess was observed for the locus AwC001 at JHBS, JHD, JHE, MA1, MA3, MA4, MA5, MA6, WA1, WA3, WD and Blue Hill. After adjusting for multiple comparisons (n ¼ 3465), significant linkage disequilibrium (Po0.01) was detected for seven locus pairs at Blue Hill only. Null alleles were present at frequencies of o0.10 in 81% of 495 locus/population combinations. Lack of linkage disequilibrium in undisturbed populations and generally low frequencies of null alleles leads us to conclude that observed departures from HardyWeinberg equilibrium are because of occasional departures from random mating and that the loci are generally suitable for the analysis of genetic diversity and spatial genetic structure in A. woodmaniorum.
Genetic diversity
Fourteen of the 15 microsatellite loci were polymorphic at all sample sites of A. woodmaniorum. A total of 199 alleles were detected across 15 loci. The number of alleles present ranged from a maximum of 171 across Mungada/Windaning Ridge to a minimum of 62 alleles at Terapod. The mean number of alleles per locus, number of effective alleles and level of expected heterozygosity were greatest across Mungada/Windaning Ridge and lowest at Terapod. However, following rarefaction, there was no difference in mean number of alleles per locus and number of private alleles per locus across the four regions (Table 1) . Levels of observed heterozygosity were similar and marginally lower than expected heterozygosity in all regions. Unique alleles were detected at 25 of the 33 sample sites; 10 alleles at Jasper Hill, 41 alleles at Mungada/Windaning Ridge, 12 alleles at Blue Hill and 1 at Terapod. Fixation indices varied but most populations (Supplementary Table S1 ) and regions (Table 1) showed little evidence of inbreeding. There was no significant correlation between the number of alleles (P ¼ 0.333, R 2 ¼ 0.043), number of private alleles (P ¼ 0.340, R 2 ¼ 0.041), or fixation index (P ¼ 0.312, R 2 ¼ 0.046) and population isolation, or between the number of alleles (P ¼ 0.281, R 2 ¼ 0.053), number of private alleles (P ¼ 0.650, R 2 ¼ 0.010), or fixation index (P ¼ 0.300, R 2 ¼ 0.049) and population size.
Hierarchically, based on allelic identity, 5% of genetic diversity in A. woodmaniorum occurs among regions, 6% among populations, 20% within populations and 69% within individuals. There was no evidence of recent population size reductions in A. woodmaniorum. BOTTLENECK analysis indicated a normal L-shaped distribution of allele sizes and no significant deficit of heterozygosity given the number of alleles present at any population.
Genetic structure
Determination of deviance information criteria values for different numbers of clusters using TESS analysis indicated the optimal number of clusters as five (Supplementary Table S2 ). Many plants had shared ancestry among more than one cluster reflecting a degree of genetic connectivity among populations. The proportion of membership of each sampled individual is provided as Supplementary Material (Supplementary Table S3 ) and illustrated in Figure 3 . The distribution of the five clusters, in terms of the network constructed across the landscape, is illustrated in Supplementary  Figure S1 . This indicates the most likely overall assignment to a single genetic cluster for populations that occur in each of the constructed polygons across the species range.
Proportional assignment of populations to each of the five clusters is illustrated in Figure 1 . Plants from Jasper Hill had the greatest mean proportion of membership to the red cluster (Q i ¼ 0.77) and showed a degree of association with a second green cluster (Q i ¼ 0. The number of plants in the region, degree of isolation, number of plants sampled (N) and genetic diversity parameters including the mean number of alleles per locus (A), the number of effective alleles (N e ), the proportion of polymorphic loci (P), expected (H e ) and observed (H o ) heterozygosity, the fixation index (F IS ), the number of alleles per locus after rarefaction (A r ) and the number of private alleles after rarefaction (P r ) are shown. Values in parentheses are standard errors.
Genetic differentiation
Global genetic differentiation (F ST ) among sample sites of A. woodmaniorum was moderate (Table 2 ) and significantly greater than the mean permuted value across the range, indicating the presence of significant genetic structure among populations (P ¼ 0.000). Global genetic differentiation among regions was lower (Table 2 ) but still significant (P ¼ 0.000). Differentiation among populations was significant (P ¼ 0.000) within both of the multipopulation regions Mungada/Windaning Ridge and Jasper Hill (Table 2 ). Pairwise population estimates and their significance values are provided in the Supplementary Material (Supplementary Table S4 ). The slope of the regression of pairwise population values of F ST /(1-F ST ) was significant for logarithmic geographic distances (R 2 ¼ 0.267, P ¼ 0.000), indicating an effect of isolation by distance across the species range (Figure 2) (Table 3 ). Pairwise regional estimates of differentiation based on allele sizes were significant between Jasper Hill and both the Mungada/Windaning Ridge and Blue Hill regions (Table 3) .
Moderate levels of genetic differentiation in A. woodmaniorum are reflected in F ST -derived estimates of the number of migrants per generation; Nm ¼ 3.37 among four regions. The number of migrants among populations was moderate at Jasper Hill (Nm ¼ 2.41) and greater at Mungada/Windaning Ridge (Nm ¼ 4.85). R ST -derived estimates were lower; Nm ¼ 1.98 among four regions, Nm ¼ 2.06 within Jasper Hill and Nm ¼ 4.65 at Mungada/Windaning Ridge indicating that the mutation rate is marked relative to migration. Estimates of Nm based on private alleles were higher than those derived from F-statistics (Nm ¼ 6.19 among four regions), but showed a different pattern within regions, being lower across the continuous range (Nm ¼ 2.14) and higher at Jasper Hill (Nm ¼ 2.90).
DISCUSSION
Studies of rare plant species with geographically restricted and disjunct population distributions arising from historical rarity and habitat specificity can provide valuable insights into understanding levels of connectivity and how connectivity impacts genetic structuring within species. They can also assist in better understanding the maintenance of genetic diversity in relatively small isolated populations. Here we detected a signal of phylogeographic and genetic structure, and of isolation by distance among populations of A. woodmaniorum, an endemic species of the ancient BIF inselbergs of WA's Yilgarn Craton. Despite being relatively small and located on disjunct outcrops, low-to-moderate levels of genetic differentiation were maintained among populations and moderate levels of genetic diversity were maintained within populations.
The limited genetic differentiation among populations and maintenance of moderate levels of genetic diversity in A. woodmaniorum indicate that levels of gene flow are more than sufficient to spread advantageous alleles among populations over long periods of evolutionary time, effectively maintaining 'adaptive connectivity' across the limited range (Lowe and Allendorf, 2010) . Estimates of the fixation index and levels of genetic diversity indicate that gene flow in the order of two to five migrants per generation is also sufficient to produce 'inbreeding connectivity' . These results support the view that this level of gene flow, although lower than the mutation rate, is sufficient to largely counteract deleterious genetic effects of local inbreeding and of random genetic drift in even the most isolated and smallest populations (Rieseberg and Burke, 2001; Lowe and Allendorf, 2010) .
Signals of phylogeographic and genetic structure across the species range indicate that gene flow is insufficient to completely counter changes in allele frequencies because of mutation and random genetic drift, or to maintain complete 'drift connectivity' among populations on disjunct BIF outcrops. The quadratic relationship between genetic differentiation and geographic distance indicates that limitations to Lowe and Allendorf's (2010) suggestion that somewhere in the order of Nm X10 migrants per generation may be required to produce similar allele frequencies in all populations and panmictic population structure.
Further evidence that the size and level of disjunction among the specialised BIF habitat influences dispersal and genetic connectivity is suggested by the greater levels of genetic differentiation and stronger affect of isolation by distance observed among populations at Jasper Hill than at Mungada/Windaning Ridge. Despite populations at Jasper Hill occurring over a shorter geographic distance (2 km compared with 5.5 km at Mungada/Windaning Ridge), the ironstone habitat and associated populations of A. woodmaniorum are more disjunct and smaller at Jasper Hill than across the relatively continuous habitat and large population on Mungada/Windaning Ridge. The degree of genetic structure at Jasper Hill may be influenced by the effects of genetic drift under a scenario of limited pollen production and dispersal among populations of smaller effective size Despite the suitability of inselberg habitats for studies assessing genetic connectivity and the occurrence of inselberg habitat around the world, detailed studies of endemic inselberg flora are limited. Species occurring on granite outcrops in WA have shown higher levels of genetic differentiation than observed in A. woodmaniorum, for example, Eucalyptus caesia (Byrne and Hopper, 2008) and Verticordia staminosa subspecies cylindacea (Yates et al., 2007) . Populations of these species are distributed over wider geographical ranges and have greater levels of geographic isolation however. South American populations of the Neotropical bromeliads Alcantarea imperialis and Pitcairnia geyskesii in (Sarthou et al., 2001; Barbara et al., 2007) are also distributed over wider geographical ranges with greater geographic isolation and display high levels of genetic differentiation. Levels of genetic differentiation among populations of A. woodmaniorum are similar to those of Alcantarea geniculta, which has a more similar restricted geographic range (Barbara et al., 2008) . The degree of genetic connectivity among disjunct populations of both A. woodmaniorum and A. geniculata is likely to be a result of successful pollen and/or seed dispersal over limited geographic ranges, although high levels of genetic differentiation have also been observed among populations of species with even more geographically restricted ranges, for example, the Western Australian BIF endemic Tetratheca paynterae subspecies paynterae (Butcher et al., 2009) .
Overall, historical limitations to dispersal of seed and/or pollen in A. woodmaniorum do appear to be weak despite the disjunct ironstone habitat and population distribution, and long distance dispersal (over several km) may be routine for this species. Passerine birds that disperse seed in some Acacia are unlikely to do so for A. woodmaniorum as it does not retain seed on the plant and lacks bird attracting extrafloral nectaries and brightly coloured arillate diapsore appendages (Davidson and Morton, 1984) . The majority of Australian Acacia have traditionally been thought to be dispersed only short distances (metres) by ants (Davidson and Morton, 1984; Hughes and Westoby, 1992; Gó mez and Espadaler, 1998) , although the frequency of long distance dispersal events may be greatly underestimated. One of the primary dispersers, the widespread, dominant meat ant species, Iridomyrmex viridiaeneus, is capable of dispersing Acacia seed 180 m from the parental tree (Whitney, 2002) . Highly abundant and mobile animals including large birds such as emus (Dromaius novahollandiae) and mammals such as western grey kangaroos (Macropus fuliginosus) that ingest and disperse Acacia seed may also act as important long distance (tens of kilometres), (Calviño-Cancela et al., 2006 dispersers.
Infrequent but relatively long distance pollen dispersal in A. woodmaniorum may also be occasionally expected. Generalist insects including native and introduced bees are known to routinely fly distances of several kilometres, especially among fragmented habitat (Dick, 2001; Jha and Dick, 2010; Hagler et al., 2011) and may directly facilitate pollen dispersal when traversing intervening unsuitable habitat among populations. Pollen dispersal over a distance of 1.6 km has also been recorded previously for A. saligna, a common widespread species of the more mesic areas of south west WA, using direct paternity analysis methods (Millar et al., 2008 .
Interestingly, Bayesian analysis provides some evidence that wind direction may influence gene flow in A. woodmaniorum pollen. Genetic structure of populations across the landscape suggests slightly greater gene flow from south to north, in association with the prevailing winds at the study site during flowering. Mean proportion of membership values suggest slightly greater gene flow from Windaning Ridge into Mungada Ridge, and from Mungada Ridge to Terapod and to Jasper Hill, than vice versa (see Figure 3 , Supplementary Figure S1 and Supplementary Table S3) . A. woodmaniorum occupies the highest points in the landscape and it is possible winds may facilitate a degree of long distance dispersal of small generalist insects carrying pollen loads. Given this and the relative geographic continuity of populations over this region, the degree of genetic divergence among sample sites located on Mungada Ridge and those located on Windaning Ridge was unexpected.
Levels of diversity in A. woodmaniorum are not particularly low and are also comparable to those of the widespread A. saligna . Although the genus Acacia is very large, the A. saligna study is currently the only one using a similar suite of microsatellite markers that can be used to realistically compare levels of genetic diversity. Although low levels of neutral genetic diversity might be expected in small disjunct populations of insect pollinated inselberg endemics, levels of genetic diversity in A. woodmaniorum suggest this is not always the case. woodmaniorum to each of five clusters detected using TESS. Each individual is represented as a vertical line partitioned into coloured segments whose length is proportional to the individual coefficients of membership in each of the five clusters. Red, cluster 1; green, cluster 2; yellow, cluster 3; blue, cluster 4; purple, cluster 5. Individuals are grouped by sample site and region in the order listed in Supplementary Table S1 .
Given the rarity, high degree of habitat specificity and lack of evidence of recent genetic bottlenecks, levels of genetic diversity in A. woodmaniorum are unlikely to be a result of the recent fragmentation of a more widespread congener. As none of the proposed closest relatives of A. woodmaniorum are sympatric or parapatric, levels of genetic diversity are also unlikely to be increased as a result of recent hybridisation. Given likely physiological adaptation to the skeletal soils of the historically stable BIF habitat (Poot and Lambers, 2007) , A. woodmaniorum is likely to have evolved over long time frames. Furthermore, although effective population sizes have not been determined, when viewed in combination with the phylogeographic and genetic structure and pattern of isolation by distance across the species range, relatively high levels of diversity support the view that A. woodmaniorum has persisted in populations with large effective size in the current distribution over long time periods. CONCLUSION Significant phylogeographic and genetic structure across the species range suggests historical persistence of A. woodmaniorum populations in their current distributions. The greatest genetic differentiation occurred between the two main regions of the species distribution, although degree of disjunction and size of populations may have a stronger effect on genetic connectivity than does geographic distance alone. Genetic structure indicates genetic connectivity is insufficient to produce panmictic allele frequencies across the species range and there is some affect of random genetic drift on geographically disjunct small populations. Despite this, seed and/or pollen dispersal appears to extend well beyond adjacent populations. Gene flow in the order of more than two or three migrants per generation is sufficient to provide 'adaptive connectivity' and to largely counter any negative genetic effects of inbreeding because of mate limitation or random genetic drift, and to maintain levels of diversity in even the most disjunct, smallest populations. Correlation between the direction of allele dispersal and prevailing winds during flowering may provide the first evidence of a degree of wind facilitated dispersal of Acacia pollen loaded insects.
Studies such as this reveal the influence of genetic connectivity in ensuring persistence of historically rare species in specialised habitats over long time frames. This information will be valuable in informing the likely effects of future anthropogenic disturbance, such as the impact of the loss of populations on species genetic diversity, and in practical applications such as the placement of restored populations in the landscape. Similar studies are desirable for biodiversity conservation and management of other rare, habitat-specific species in many landscapes around the world.
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